Introduction
============

Gastric cancer is the fourth most common type of cancer and the second leading cause of cancer-associated mortality globally, and its incidence was estimated to be approximately one million per year worldwide ([@b1-ol-0-0-7574]). According to the multi-factorial and multi-step model in the pathogenesis of gastric cancer, apart from genetic alterations, environmental factors are also markedly involved in different stages of carcinogenesis ([@b2-ol-0-0-7574],[@b3-ol-0-0-7574]). Recently, cumulating evidence reported that high intake of heme iron (e.g., fresh and processed red meat) or low body iron store (e.g., iron-deficiency anemia) was correlated with an increased risk of gastric cancer, indicating that altered iron metabolism may be mediated in the development of gastric cancer ([@b4-ol-0-0-7574]--[@b7-ol-0-0-7574]). Furthermore, novel findings indicated that iron-chelating agents, including deferoxamine and deferasirox might potentially exert anti-proliferative effects on gastric cancer cells by inducing apoptosis ([@b8-ol-0-0-7574]). Accordingly, the altered iron metabolism may have an extensive role in the development of gastric carcinogenesis.

Hepcidin is the peptide hormone, which is primarily synthesized by hepatocytes in the liver and secreted into the circulation to effectively regulate systemic iron homeostasis ([@b9-ol-0-0-7574]). It is generally believed that, by binding to its target receptor, ferroportin, hepcidin would inhibit iron absorption from duodenal enterocytes and iron release from macrophages and hepatocytes, which is mediated by rapid endocytosis and degradation of the hepcidin-ferroportin complex ([@b10-ol-0-0-7574]). Disordered hepcidin signaling may lead to several iron-restrictive and iron-overload diseases, including iron deficiency anemia and hereditary hemochromatosis ([@b11-ol-0-0-7574],[@b12-ol-0-0-7574]). Previously, it has been reported that increased circulating levels of hepcidin are associated with a range of malignancies ([@b13-ol-0-0-7574]--[@b15-ol-0-0-7574]). Of note, apart from the liver as the major place for hepcidin synthesis, various other organs including cancer tissues may locally synthesize and secret hepcidin ([@b16-ol-0-0-7574]). Notably, studies have demonstrated that altered expression of hepcidin in tumor tissues may serve as a predictive biomarker in assessing the clinical outcomes of several types of cancer ([@b13-ol-0-0-7574],[@b17-ol-0-0-7574]). Furthermore, it was indicated that aberrant hepcidin signaling might promote tumor growth in breast cancer ([@b18-ol-0-0-7574]). However, in human gastric cancer, there remain to be limited data on the expression profile of hepcidin in tumor tissues and its correlation with the clinicopathological characteristics in gastric cancer.

Previous studies have indicated that hepcidin is a mature defensin-like peptide containing 25 amino acid residues and 4 disulfide bonds, which is cleaved intracellularly from the preprohormone encoded by the gene named hepcidin antimicrobial peptide (HAMP), which is located at the locus 19q13 in the human genome ([@b19-ol-0-0-7574]). It is widely considered that the production of hepcidin is predominately controlled at the level of transcription, which is rapidly increased by various inflammatory stimuli ([@b20-ol-0-0-7574]). In particular, in response to pro-inflammatory cytokines, including interleukin (IL)-6, the stimulatory effects on hepcidin expression is largely mediated through the activation of Janus kinase/signal transducer and activator of transcription 3 (JAK/STAT3) signaling. Therefore, to promote the transcriptional activity of hepcidin, this would depend on the interaction between STAT3 and the related STAT3-binding element in the promoter region of the HAMP gene ([@b21-ol-0-0-7574]--[@b23-ol-0-0-7574]). Indeed, regardless of underlying etiologies, including diet and *Helicobacter pylori* infection, the association between chronic inflammation and gastric cancer has been well established ([@b24-ol-0-0-7574]). Nevertheless, whether and to what extent the inflammation-induced JAK/STAT3 signaling would be involved in the regulation of hepcidin expression in human gastric cancer remains to be investigated.

The aim of the present study was to detect the expression of hepcidin and then to assess its correlation with the clinicopathological characteristics in human gastric cancer. It was further determined whether altered hepcidin expression in human gastric cancer might be associated with the status of the JAK/STAT3 signaling pathway as this may regulate the expression of hepcidin at the transcriptional level. Consequently, the prognostic value of hepcidin for gastric cancer was evaluated. Additionally, the mechanistic underpinnings affecting hepcidin expression at the cellular and molecular level were preliminarily investigated so as to provide a potential target to correct aberrant local expression of hepcidin in gastric cancer.

Materials and methods
=====================

### Patients and tissue specimens

A total of 62 gastric cancer patients, who were treated by curative gastrectomy at Taicang Affiliated Hospital of Soochow University (Suzhou, China) from February 2009 to February 2014, were enrolled in the present study. The characteristics of the 62 gastric cancer patients were summarized in [Table I](#tI-ol-0-0-7574){ref-type="table"}. All patients did not receive chemotherapy and/or radiotherapy prior to surgery and did not have a history of concurrent tumors. The 62 archived formalin-fixed paraffin-embedded tumor tissue blocks of the aforementioned patients, which were obtained by biopsy, were collected for the experiments. Additionally, 15 randomly selected tissues adjacent to the tumor confirmed by pathological diagnosis as normal gastric mucosal tissues were selected as the non-tumor group. The tumor grade and clinical stage were determined according to the tumor node metastasis (TNM) classification for gastric cancer (7th Edition of the AJCC Cancer Staging Manual) ([@b25-ol-0-0-7574]). Anemia was defined according to the following criteria for hemoglobin concentration: \<120.0 g/l for males and \<110.0 g/l for females. Written informed consent was obtained from all patients and approved by the Committee on Human Rights in Research. The present study was conducted in accordance with the Declaration of Helsinki, and ethical approval was obtained from the Institutional Review Board at the Taicang Affiliated Hospital of Soochow University.

### Immunohistochemical analysis

All paraffin-embedded tissues were consecutively cut into 4 sections (thickness, 5 µm). For each sample, one section was used to confirm the pathological diagnosis by hematoxylin-eosin staining (hematoxylin-stained for \~10 min and eosin-stained for \~2 min at 30°C). The other three sections were detected by immunohistochemical analysis according to the following procedures. According to the streptavidin-biotin-peroxidase complex immunohistochemical protocol (Thermo Fisher Scientific, Inc., Waltham, MA, USA), the paraffin-embedded sections were deparaffinized with xylene and rehydrated in the decreasing concentrations of ethanol, followed by incubating in 3% H~2~O~2~ for 30 min at room temperature. Then, the slides were incubated in 10 mM citrate buffer (pH 6.0) for 20 min for antigen retrieval, and immersed in phosphate-buffered saline (PBS) containing 15% goat serum (Thermo Fisher Scientific, Inc.) for 30 min at room temperature. The rabbit anti-human hepcidin polyclonal primary antibody (1:200; catalog no. ab30760; Abcam, Cambridge, MA, USA) was added and incubated overnight at 4°C. Following washing with PBS, goat anti-rabbit horseradish peroxidase-labeled secondary antibody (1:200; catalog no. BA1088; Wuhan Boster Biological Technology, Ltd., Wuhan, China) was added and incubated for 30 min at room temperature. By rinsing with PBS, the slides were then counterstained using hematoxylin for\~10 min at 30°C. Following dehydrating in increasing concentrations of ethanol, the slides were mounted, and cover slips were placed for the next microscopic evaluation.

Immunohistochemical staining was scored independently by three researchers who were blinded to the clinicopathological data. Microscopic evaluation was performed under five random visual fields at a magnification of ×200 (Leica Microsystems GmbH, Wetzlar, Germany). Staining results for hepcidin were classified by estimating the percentage of epithelial cells exhibiting specific immunoreactivity ([Fig. 1](#f1-ol-0-0-7574){ref-type="fig"}). Immunoreactivity was scored as follows: Negative, no immunoreactivity; weak, \<33% positive cells; moderate, 33--67% positive cells; and strong, \>67% positive cells. Samples that exhibited negative and weak immunoreactivity were considered as negative, and those exhibited moderate and strong immunoreactivity were considered as positive.

### Western blot analysis

The protein samples were routinely extracted from formalin-fixed paraffin-embedded tissue blocks using liquid tissue buffer (Expression Pathology Inc., Rockville, MD, USA) for homogenizing in dry ice, then incubated at 95°C for 90 min. Using the protein extraction NP-40 lysis buffer (Thermo Fisher Scientific Inc.) at 100°C for 20 min followed by a 2 h incubation at 80°C, the protein concentration was determined using the Bradford method (Quick Start^™^ Bradford Protein Assay; Bio-Rad Laboratories, Inc., Hercules, CA, USA). Samples with equal quantities of protein (80 µg) were then loaded in each lane for electrophoresis using 0.1% SDS, 10% polyacrylamide gel and 4% polyacrylamide stacking gel. Proteins were subsequently transferred to polyvinyl difluoride membranes (EMD, Billerica, MA, USA). Each membrane was treated with Tris-buffered PBS containing 5% bovine serum albumin (BSA) (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and 0.1% v/v Tween-20 (Sigma-Aldrich; Merck KGaA) with gentle shaking for 1 h at room temperature. This was followed by incubation overnight at 4°C with primary antibodies against interleukin 6 signal transducer (gp130; 1:1,000; catalog no. sc-9045; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), JAK1 (1:1,000; catalog no. sc-7228; Santa Cruz Biotechnology, Inc.) and STAT3 (1:1,000; catalog no. sc-482; Santa Cruz Biotechnology, Inc.), respectively. The membranes were washed for 10 min for three times in TBST solution and further incubated at room temperature for 10 min with the secondary horseradish peroxidase-conjugated goat anti-rabbit antibody (1:5,000). Proteins were then visualized using ECL reagent (Amersham; GE Healthcare Bio-Sciences, Pittsburgh, PA, USA) and then exposed to X-ray film. The β-actin protein (1:1,000; catalog no. sc-47778; Santa Cruz Biotechnology, Inc.) was used as the internal control for normalizing the relative density. Results were quantified and analyzed (three repeats performed for each sample) with Kodak electrophoresis documentation and analysis system, and Kodak ID image analysis software (Kodak, Rochester, NY, USA).

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

The total tissue RNA was routinely isolated from formalin-fixed paraffin-embedded tissue blocks. Reverse transcription and first strand cDNA synthesis was performed using MMLV-RT reverse transcriptase (three repeats performed for each sample) (Invitrogen; Thermo Fisher Scientific, Inc.). RT-qPCR analysis was employed to analyze the gene expression of HAMP, IL-6, gp130, JAK1 and STAT3. The GAPDH gene was used as an internal reference, and serial dilutions of the positive control were performed on each plate to create a standard curve. The primer sequences for the genes are as follows: HAMP forward, 5′-TCTGCTTTCACAGACGGGAC-3′, and reverse 5′-CTTAGCACAGACACTCGGCA-3′; IL-6 forward, 5′-AACCTGAACCTTCCAAAGATGG-3′, and reverse 5′-TCTGGCTTGTTCCTCACTACT-3′; gp130 forward, 5′-TGAAGCCATAGTCGTGCCTG-3′, and reverse 5′-ACTGGACAGTGCTCGAAGTG-3′; JAK1 forward 5′-TCTATGAAAGCCGGTGCAGG-3′, and reverse 5′-CCTGTATTGTCTTCGGGGTCA-3′; STAT3 forward 5′-GCCCTTTGGAACGAAGGGTA-3′, and reverse 5′-ATGGTATTGCTGCAGGTCGT-3′; GAPDH forward 5′-GCATCTTCTTTTGCGTCGCC-3′, and reverse 5′-AGTGATGGCATGGACTGTGG-3′. RT-qPCR was performed with a 25 µl reaction mixture in a 96-well plate (Takara, Japan) and a thermocycler (iCycler iQ; Bio-Rad Laboratories, Inc.). The expression of target gene was normalized to the reference GAPDH to obtain the relative threshold cycle (ΔCq) and 2^−ΔΔCq^ was subsequently used to determine the relative abundance of target gene expression between each group.

### Chromatin immunoprecipitation assay (ChIP)

With the use of commercially available kit (CHIP-IT^®^ FFPE; Active Motif, Carlsbad, CA, USA), ChIP was performed on formalin-fixed paraffin-embedded gastric cancer tissues, according to the manufacturer\'s instructions. Specifically, the sonicated chromatin was used for the immunoprecipitation reaction. Sonicated chromatin (≥200 ng per reaction), ChIP buffer and protease inhibitor cocktail were added in order in the 1.5 ml microcentrifuge tube. The rabbit monoclonal anti-STAT3 (1:100; catalog no. ab68153; Abcam, Cambridge, UK) was transferred and incubated overnight at 4°C. Protein G agarose beads were subsequently added and incubated at room temperature for 3 h following extensive blocking in 0.5% BSA for 2 h at room temperature. Subsequently, following washing and reversing the cross-links, DNA was recovered and purified. Finally, the commercially available CYBR Green (Bio-Rad Laboratories, Inc.) quantitative PCR was performed with primers (forward, 5′-GAGGGTGACACAACCCTGTT-3′, and reverse, 5′-CGAGTGACAGTCGCTTTT-3′) flanking the 155 bp region containing the putative STAT3 binding site in the promoter region of the human HAMP gene. The data was expressed as the percent of input.

### Statistical analysis

For the categorical variables, differences between groups were calculated using χ^2^ test or Fisher\'s exact test. Bivariate correlations between variables were examined by Spearman\'s correlation analysis. For the continuous variables, all data are expressed as the mean ± standard deviation. One-way analysis of variance with Tukey\'s post hoc test was used to evaluate the differences between certain groups in western blotting experiments. With regards to the differences of mRNA levels between each group, P\<0.05 was considered to indicate a statistically significant difference when the ratio of 2^−ΔΔCq^ \>1.7. Statistical significance was accepted at a level of P\<0.05. SPSS statistical software (version 18.0; SPSS, Inc., Chicago, IL, USA) was used for these statistical analyses.

Results
=======

### Local expression of hepcidin in human gastric cancer

Using immunohistochemical analysis, the local production of hepcidin was extensively evaluated in tumor and adjacent non-tumor tissues of gastric cancer. The local positive expression rate of hepcidin in tumor tissues (35/62, 56.5%) was significantly higher compared with adjacent non-tumor tissues (3/15, 20.0%) (P\<0.05; data not shown). With respect to the T categories in tumor tissues, the local positive expression rate of hepcidin in T3 and T4 stages (27/39, 69.2%) was significantly elevated compared with T1 and T2 stages (8/23, 34.8%) (P\<0.05; [Table II](#tII-ol-0-0-7574){ref-type="table"}). In addition, with respect to lymph node metastasis, there was no significant difference between negative (14/27, 51.9%) and positive (21/35, 60.0%) groups. Furthermore, with regards to metastasis (other than lymph node metastasis), there was no significant difference between negative (29/53, 54.7%) and positive (6/9, 66.7%) groups ([Table II](#tII-ol-0-0-7574){ref-type="table"}).

HAMP mRNA expression was extensively evaluated in tumor and adjacent non-tumor gastric cancer tissues using RT-qPCR. The mRNA expression of HAMP in tumor tissues was significantly higher compared with adjacent non-tumor tissues (P\<0.05; [Fig. 2A](#f2-ol-0-0-7574){ref-type="fig"}). With respect to the T stages, the mRNA expression of HAMP in tumor tissues at T3/T4 stages was significantly elevated compared with T1/T2 stages (P\<0.05; [Fig. 2B](#f2-ol-0-0-7574){ref-type="fig"}). Additionally, there were no significant differences in HAMP expression between positive and negative lymph node metastasis groups ([Fig. 2C](#f2-ol-0-0-7574){ref-type="fig"}). Similarly, with regards to metastasis (excluding lymph node metastasis), there were also no significant differences between in HAMP expression between negative and positive groups ([Fig. 2D](#f2-ol-0-0-7574){ref-type="fig"}).

### Expression of gp130, JAK1, and STAT3 proteins in human gastric cancer tissues

In order to compare the differences in JAK/STAT3 signaling in response to inflammatory stimuli mediated by IL-6 in human gastric cancer, protein expression of the associated ligand-receptor and intracellular regulators were detected in the tumor and adjacent non-tumor tissues. Western blot analyses indicated that the expression of gp130, JAK1, and STAT3 proteins were significantly higher in gastric cancer tumor tissues compared with adjacent non-tumor tissues ([Fig. 3A-C](#f3-ol-0-0-7574){ref-type="fig"}). In addition, the local protein expression of JAK1 and STAT3 in T3/T4 stages was significantly elevated in gastric cancer tumor tissues compared with T1/T2 stages ([Fig. 3B and C](#f3-ol-0-0-7574){ref-type="fig"}). However, there were no significant differences in gp130 expression between T1/T2 and T3/T4 ([Fig. 3A](#f3-ol-0-0-7574){ref-type="fig"}).

### mRNA expression of IL-6, gp130, JAK1 and STAT3 in human gastric cancer tissues

Similar to the results for protein expression, RT-qPCR results indicated that the mRNA expression of IL-6, gp130, JAK1, and STAT3 was significantly higher in tumor tissues compared with adjacent non-tumor tissues ([Fig. 4A-D](#f4-ol-0-0-7574){ref-type="fig"}). In addition, the expression of JAK1 and STAT3 in T3/T4 stage gastric cancer tumor tissues was significantly increased compared with expression in T1/T2 gastric cancer tumor tissues ([Fig. 4C and D](#f4-ol-0-0-7574){ref-type="fig"}). However, in tumor tissues, there were no significant differences in IL-6 and gp130 expression between T3/T4 and T1/T2 stages ([Fig. 4A and B](#f4-ol-0-0-7574){ref-type="fig"}).

### Binding capacity of STAT3 to the HAMP gene promoter of in human gastric cancer

To further evaluate the function of STAT3 as a trans-acting regulator that stimulate the transcriptional activity of the HAMP gene, the binding affinity of STAT3 on the concerned element in the promoter region of the HAMP gene was determined by ChIP assay in paraffin-embedded gastric cancer tissues. ChIP analyses indicated that the binding affinity of STAT3 to the promoter region of HAMP gene was significantly higher in tumor tissues compared with adjacent non-tumor tissues in human gastric cancer. In addition, the binding affinity of STAT3 to the promoter region in the HAMP gene was significantly more elevated in tumor tissues at T1/T2 stages compared with T3/T4 ([Fig. 5](#f5-ol-0-0-7574){ref-type="fig"}).

Discussion
==========

Due to its capacity to generate deleterious free radicals, the disturbed iron metabolism not only has the ability to damage pivotal macromolecules, including DNA, but also mediate diverse pathogenic signaling, such as hypoxia-inducible factor and Wnt signaling pathways, which are toxic and carcinogenic ([@b26-ol-0-0-7574]--[@b29-ol-0-0-7574]). Accruing epidemiological evidence has revealed that altered hepcidin signaling is tightly associated with the clinical outcomes in cancer patients and may be a prognostic biomarker in malignancy, including breast cancer ([@b30-ol-0-0-7574],[@b31-ol-0-0-7574]). In fact, a previous study by the present authors demonstrated that the local production of hepcidin in breast cancer tissue was prominently increased ([@b15-ol-0-0-7574]). Moreover, the expression of hepcidin may be essentially regulated by inflammation in response to pro-inflammatory cytokines, including IL-6 ([@b10-ol-0-0-7574]). Indeed, chronic inflammation has critical roles in the carcinogenesis of gastric cancer ([@b24-ol-0-0-7574]). As such, the present authors hypothesize that local hepcidin production may be altered in the development of human gastric cancer and be associated with the altered inflammatory responses mediated by IL-6. In the present retrospective study on formalin-fixed paraffin-embedded patient samples, it was demonstrated that the local production of hepcidin was significantly elevated positively correlated with increasing tumor stages. In addition, the local JAK/STAT3 signaling associated with IL-6 was significantly increased in parallel with the expression of hepcidin, which was able to stimulate the transcriptional activity of the hepcidin gene.

Previous studies have demonstrated that the intracellular iron regulation is modified in a range of malignancies ([@b28-ol-0-0-7574]). In particular, elevating intracellular iron levels may enhance Wnt signaling, which is closely associated with increased cellular proliferation in the pathogenesis of colorectal cancer ([@b26-ol-0-0-7574]). In general, the disorder of iron homeostasis in cancer may occur through changes in iron flow (uptake and efflux) and storage, both of which are controlled by dozens of iron-regulatory proteins ([@b28-ol-0-0-7574]). Hepcidin, which can be locally produced in the tumor, is the master protein for regulating cellular iron flow ([@b32-ol-0-0-7574]). Together with the iron efflux pump in vertebrates, ferroportin, the local hepcidin-ferroportin axis has a key role in the regulation of autocrine and/or paracrine iron regulatory loop in cancer ([@b33-ol-0-0-7574]). When intracellular iron storage and systemic iron levels are elevated, hepcidin expression is induced to bind with ferroportin and trigger its subsequent lysosomal degradation ([@b10-ol-0-0-7574],[@b34-ol-0-0-7574]). In cancer cells, the local expression of hepcidin is elevated, together with the low levels of ferroportin, to synergistically decrease the iron efflux to generate the unstable iron pool to satisfy the increased metabolic needs in cancer ([@b33-ol-0-0-7574],[@b35-ol-0-0-7574]). Furthermore, a previous study indicated that the increased expression of hepcidin in colorectal cancer tissues was correlated with increasing T-stage, according to TNM classification ([@b36-ol-0-0-7574]). In the present study, results from immunohistochemistry and RT-qPCR showed that local hepcidin production and mRNA expression of HAMP were significantly increased in gastric cancer tumor tissues compared with adjacent non-tumor tissues. In addition, the local hepcidin production and mRNA expression of HAMP in tumor tissues at T3/T4 stages was significantly more elevated compared with T1/T2 stages. However, with respect to the N and M categories in the TNM classification system, there were no significant differences in local hepcidin production and HAMP mRNA expression between different N and M stages. Therefore, the local expression of hepcidin was prominently elevated in tumor tissues and positively correlated with invasive but not metastatic properties of human gastric cancer. Of note, a previous study indicated that increased hepcidin expression in tumor tissues was associated with increased metastatic potential and shorter overall survival in renal cell carcinoma ([@b17-ol-0-0-7574]). Due to the lack of follow-up data, survival was not analyzed in the present study. Therefore, the prognostic value of local expression of hepcidin in human gastric cancer remains to be further evaluated.

It is generally thought that hepcidin production was mainly regulated at the transcriptional level ([@b19-ol-0-0-7574]).

In general, the transcriptional activity of HAMP gene may be extensively regulated by various stimuli, including substrate (e.g., iron), erythropoietic signals (e.g., erythropoietin) and inflammatory stimuli ([@b37-ol-0-0-7574]). In particular, in response to inflammation, the pro-inflammatory cytokines, such as IL-6 would instigate the downstream signaling to positively upregulate the expression of hepcidin ([@b20-ol-0-0-7574]). Previous studies indicated that, IL-6 is able to bind to the gp130 protein receptor complex (IL-6 receptor), stimulate JAK tyrosine kinas-mediated phosphorylation of the transcription factor STAT3 ([@b22-ol-0-0-7574],[@b38-ol-0-0-7574]). Subsequently, the activated STAT3 would translocate into the nucleus followed by binding to the STAT3-responsive element on the proximal promoter (\~0.6 kb fragment of 5′upstream flanking sequence) of the HAMP gene, so as to enhance the transcriptional activity of HAMP ([@b23-ol-0-0-7574]). In the present study, it was demonstrated that IL-6 mRNA expression was significantly elevated, and both mRNA and protein expressions gp130 were significantly increased in gastric cancer tumor tissues compared with adjacent non-tumor tissues. Additionally, mRNA and protein expression of JAK1 and STAT3 were significantly increased in tumor tissues compared with adjacent non-tumor tissue in human gastric cancer. This indicated that JAK/STAT3 signaling in response to inflammation mediated by IL-6 was prominently enhanced in gastric cancer tumor tissues and may be involved in the pathogenesis of human gastric cancer. In fact, a previous *in vitro* study in a range of gastric cancer cell lines showed that the broadly expressed IL-6 and gp130 were able to promote proliferation, invasion and lymphangiogenesis via the JAK/STAT3 signaling pathway ([@b39-ol-0-0-7574]). Furthermore, the present study showed that, the local mRNA and protein expression of JAK1 and STAT3 in gastric cancer tumor tissues at T3 and T4 stages were significantly increased compared with tumor tissues at T1 and T2 stages. In the light of these findings, the present authors hypothesize that the local elevated expression of hepcidin gastric cancer tissues in increasing T stages was closely associated with the upregulation of IL-6-mediated JAK/STAT3 signaling pathway.

In order to further assess the trans-acting effects of STAT3 on regulating the transcriptional activity of the HAMP gene, ChIP assay was performed on paraffin-embedded tissue blocks to identify the interactions of STAT3 with specific promoter loci in the HAMP gene in the intact chromatin. The results showed that the binding affinity of STAT3 was significantly increased in gastric cancer tumor tissues compared with adjacent non-tumor tissues. In addition, the binding affinity of STAT3 in tumor tissues at T3/T4 stages was significantly elevated compared with T1/T2 stages. As a consequence, the causal effects of enhanced JAK/STAT3 signaling on the elevated expression of hepcidin in increasing T stages of human gastric cancer were tentatively verified in the present study. Furthermore, it was previously reported that in human hepatocellular carcinoma, the HAMP gene was transcriptionally repressed in tumor tissues, which was closely associated with the hypermethylated signature in the promoter region ([@b40-ol-0-0-7574]). However, whether the epigenetic regulation through DNA methylation in the promoter region in the HAMP gene may be altered in human gastric cancer was not determined in the present study and should be further elucidated. Moreover, whether and to what extent the binding affinity of STAT3 would be affected by altered DNA methylation in the promoter region of HAMP gene should be further investigated.

Unlike JAK/STAT3 signaling regulators, there were no significant differences in expression of IL-6 mRNA, gp130 mRNA and protein in gastric cancer tumor tissues between different T stages. This indicated that upregulation of JAK/STAT3 signaling in increasing T stages may not be directly affected by the local IL-6 generated *de novo* in tumor tissues. In fact, previous studies reported that high levels of pro-inflammatory cytokines, such as IL-6 in serum were correlated with poor prognosis in human gastric cancer ([@b41-ol-0-0-7574]). As such, it was hypothesized that the systemic level of IL-6 in the T3 and T4 stages may be further increased compared with T1 and T2 stages, which may lead to more upregulation of JAK/STAT3 signaling in the increasing T stages of human gastric cancer. However, this hypothesis was not verified in the present study and should be further evaluated in future research.

Increasing evidence indicated that the incidence of anemia in cancer patients including gastric cancer was frequent and is tightly associated with the poor clinical outcomes ([@b42-ol-0-0-7574],[@b43-ol-0-0-7574]). Multifactorial pathogenesis is involved in the anemia of cancer patients, of which disturbed iron homeostasis, probably due to the inflammatory stimulus induced by the tumor, has a key role ([@b44-ol-0-0-7574],[@b45-ol-0-0-7574]). Moreover, novel studies indicated that hemoglobin concentration is inversely correlated with the levels of hepcidin in cancer of the upper gastrointestinal tract ([@b46-ol-0-0-7574]). In the present study, the association of anemia in gastric cancer with the local expression of hepcidin in tumor tissues was assessed. In order to avoid the effects of chemotherapy/radiotherapy and surgery on anemia, the hemoglobin concentrations were detected in gastric cancer patients not treated by chemotherapy/radiotherapy prior to surgery. Results from immunohistochemical analysis and RT-qPCR indicated that there were no significant differences in local hepcidin production and HAMP mRNA expression between anemic and non-anemic gastric cancer patients. Therefore, in contrast to systemic hepcidin levels, the local expression of hepcidin in tumor tissue may not serve as a predictive biomarker for assessing anemia in human gastric cancer.

In conclusion, the findings of the present study showed that elevated local expression of hepcidin in tumor tissues was closely correlated with increasing tumor stages in the development of human gastric cancer, which provides a novel insight into the potential prognostic value of tumor hepcidin expression in clinical practice. Additionally, in the pathogenesis of human gastric cancer, the increased tumor hepcidin expression was tightly associated with the upregulation of the JAK/STAT3 signaling pathway, which may be mediated by IL-6. As such, apart from iron-chelating agents as the therapeutic candidates, drugs targeting IL-6-mediated JAK/STAT3 signaling may also be a potential strategy for correcting disturbed local iron homeostasis in gastric cancer.

The present study was supported by research grants from the Suzhou Science and Technology Development project (grant no. SYSD2011035) and the Jiangsu Science and Research project (grant no. YG201404).

![Immunohistochemical staining of hepcidin in the human gastric mucosal epithelium (magnification, ×100). (A) Negative immunoreactivity for hepcidin. (B) Positive immunoreactivity for hepcidin.](ol-15-02-2236-g00){#f1-ol-0-0-7574}

![mRNA expression of HAMP in human gastric cancer tissues. (A) The mRNA expression of HAMP in tumor tissues (n=62) was significantly higher compared with adjacent non-tumor tissues (n=15). (B) The mRNA expression of HAMP in tumor tissues from patients at stages T3/T4 (n=39) was significantly increased compared with tissues from patients at stages T1/T2 (n=23), which were both significantly higher compared with the expression in adjacent non-tumor tissues (n=15). (C) The mRNA expression of HAMP in tumor tissues of negative (N negative group, n=27) and positive lymph node metastasis (N positive group, n=35) were significantly higher compared with the expression in adjacent non-tumor tissues (n=15). However, there were no significant differences in HAMP mRNA expression between negative and positive lymph node metastasis groups. (D) The mRNA expression of HAMP in tumor tissues of negative (M negative group, n=53) and positive metastasis (with the exception of lymph node metastasis) (n=9) were significantly higher compared with adjacent non-tumor tissues (n=15). However, there were no significant differences in HAMP mRNA expression between groups of negative and positive metastasis (with the exception of lymph node metastasis). Values are presented as the mean ± standard deviation. \*P\<0.05. HAMP, hepcidin antimicrobial peptide.](ol-15-02-2236-g01){#f2-ol-0-0-7574}

![Protein expression of gp130, JAK1 and STAT3 in human gastric cancer tissues. (A) The protein expression of gp130 in tumor tissues of different T stages were significantly higher compared with the expression in adjacent non-tumor tissues (n=15). However, there were no significant differences in gp130 protein expression between T1/T2 (n=23) and T3/T4 (n=39). (B) The protein expression of JAK1 in tumor tissues of T3/T4 stages (n=39) was significantly increased compared with T1/T2 stages (n=23), which were both significantly higher compared with the expression in adjacent non-tumor tissues (n=15). (C) The protein expression of STAT3 in tumor tissue of T3/T4 stages (n=39) was significantly elevated compared with T1/T2 stages (n=23), which were both significantly higher compared with adjacent non-tumor tissues (n=15). Values are expressed as the mean ± standard deviation. \*P\<0.05. gp130, interleukin 6 signal transducer; JAK1, Janus kinase 1; STAT3, signal transducer and activator of transcription 3.](ol-15-02-2236-g02){#f3-ol-0-0-7574}

![mRNA expression of IL-6, gp130, JAK1 and STAT3 in human gastric cancer tissues. (A) The mRNA expression of IL-6 in tumor tissues from patients at different T stages were significantly higher compared with adjacent non-tumor tissues (n=15). However, there were no significant differences in IL-6 expression between T1/T2 (n=23) and T3/T4 (n=39). (B) The mRNA expression of gp130 in tumor tissues of different T stages were significantly higher compared with adjacent non-tumor tissues (n=15). However, there were no significant differences in gp130 expression between T1/T2 (n=23) and T3/T4 (n=39). (C) The mRNA expression of JAK1 in tissues from patients with tumors at T3/T4 stages (n=39) was significantly increased compared with the expression in tumor tissues at T1/T2 stages (n=23), which were both significantly higher compared with adjacent non-tumor tissues (n=15). (D) The mRNA expression of STAT3 in tumor tissues at T3/T4 stages (n=39) was significantly increased compared with the expression in tumor tissues at T1/T2 stages (n=23), which were both significantly higher compared with adjacent non-tumor tissues (n=15). Values are expressed as the mean ± standard deviation. \*P\<0.05. gp130, interleukin 6 signal transducer; IL-6, interleukin-6; JAK1, Janus kinase 1; STAT3, signal transducer and activator of transcription 3.](ol-15-02-2236-g03){#f4-ol-0-0-7574}

![Binding of STAT3 to promoter region in the HAMP gene in human gastric cancer. The binding affinity of STAT3 to the promoter region of HAMP gene in tumor tissue at T3/T4 stages (n=39) was significantly increased compared with T1/T2 stages (n=23), which were both significantly increased compared with adjacent non-tumor tissues (n=15). Values are expressed as the mean ± standard deviation. \*P\<0.05. HAMP, hepcidin antimicrobial peptide; STAT3, signal transducer and activator of transcription 3.](ol-15-02-2236-g04){#f5-ol-0-0-7574}

###### 

Clinicopathological characteristics of patients with gastric cancer.

  Characteristics         Number of cases, n (%)
  ----------------------- ------------------------
  Age, years              
    ≤60                   28 (45.2)
    \>60                  34 (54.8)
  Gender                  
    Male                  40 (64.5)
    Female                22 (35.5)
  Anemia                  
    Negative              33 (53.2)
    Positive              29 (46.8)
  T categories            
    T1 and T2             23 (37.1)
    T3 and T4             39 (62.9)
  Lymph node metastasis   
    Negative              27 (43.5)
    Positive              35 (56.5)
  Other metastasis        
    Negative              53 (85.5)
    Positive              9 (14.5)

###### 

Correlation between local expression of hepcidin and clinicopathological characteristics.

                          Local expression of hepcidin in tumor tissues                                                                               
  ----------------------- ----------------------------------------------- ----- ------- ---------------------------------------------------- -------- ----------------------------------------------------
  Age, years                                                                    0.172   0.678                                                0.053    0.684
    ≤60                   13                                              15                                                                          
    \>60                  14                                              20                                                                          
  Gender                                                                        0.051   0.822                                                −0.029   0.826
    Male                  17                                              23                                                                          
    Female                10                                              12                                                                          
  T stages                                                                      6.984   0.008^[a](#tfn1-ol-0-0-7574){ref-type="table-fn"}^   0.336    0.008^[a](#tfn1-ol-0-0-7574){ref-type="table-fn"}^
    T1 and T2             15                                                8                                                                         
    T3 and T4             12                                              27                                                                          
  Lymph node metastasis                                                         0.412   0.521                                                0.081    0.529
    Negative              13                                              14                                                                          
    Positive              14                                              21                                                                          
  Other metastasis                                                              0.447   0.503                                                0.085    0.512
    Negative              24                                              29                                                                          
    Positive                3                                               6                                                                         
  Anemia                                                                        1.821   0.177                                                0.171    0.183
    Negative              17                                              16                                                                          
    Positive              10                                              19                                                                          

P\<0.01.

[^1]: Contributed equally
